Abstract. The present study aimed to investigate the association between nedaplatin (NDP) sensitivity and the expression of biological factors in cervical cancer. A total of 45 cervical cancer specimens, including 18 pretreatment biopsies and 27 surgical specimens, were used in histoculture drug response assays to determine the chemosensitivity of cervical cancer specimens to NDP. Each specimen was assessed for immunohistochemical expression of Ki-67, p53, B-cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax), cleaved caspase-3, cyclooxygenase-2 (COX-2), and excision repair cross-complementation group 1 (ERCC1). The results revealed that low or negative expression of p53, Bcl-2 and COX-2, and high or positive expression of cleaved caspase-3 were significantly correlated with high sensitivity to NDP. However, there were no significant differences in Ki-67, Bax or ERCC1 expression between the low and high sensitivity groups. These findings indicate that sensitivity to platinum may be easily predicted by immunostaining for the detection of these specific factors in pretreatment biopsies or surgical specimens. The expression profiles of these targets may therefore provide additional information for planning individualized chemotherapy in the treatment of cervical cancer.
Introduction
Cervical cancer is the fourth most common cancer in women, and the seventh overall, with an estimated 528,000 new cases in 2012. There were an estimated 266,000 mortalities from cervical cancer worldwide in 2012, accounting for 7.5% of all female cancer mortalities. Around 87% of mortalities from cervical cancer occur in less developed regions (1) .
Guidelines for the treatment of uterine cervical cancer, based on the results of randomized controlled trials, have been published by the National Comprehensive Cancer Network (2) and National Cancer Institute (3). For early-stage cervical cancer, the first-line treatment consists of radical surgery alone or in combination with adjuvant radiotherapy, while concurrent chemoradiotherapy with cisplatin may also be used as an adjuvant therapy in cases of high-risk early-stage cervical cancer, particularly those positive for lymph node metastasis. Chemoradiotherapy is also recommended in cases of locally advanced cancer (3). However, with the exclusion of chemoradiotherapy, the role of chemotherapy as a treatment for uterine cervical cancer has not been clearly established.
In cases involving distant metastasis or recurrence, chemotherapy consisting of cisplatin combined with paclitaxel is currently considered to be among the most effective regimens, based on findings from a randomized controlled study (4) . In addition, for cases of intermediate-and high-risk, early-stage disease, the postoperative use of cisplatin-based chemotherapy has demonstrated some degree of clinical efficacy (5) (6) (7) (8) . However, chemotherapeutic protocols for cervical cancer have are poorly defined at present; in order to establish the effect of chemotherapy on clinical outcome in cases of cervical cancer, large-scale clinical trials are necessary. Furthermore, it is important to establish which factors may be used to predict and alter chemosensitivity to cisplatin to facilitate the individualization of treatment and inform clinical decisions.
We have previously studied the chemosensitivity of the platinum analog nedaplatin (NDP) using the histoculture drug response assay (HDRA; see methods) (9) . The sensitivity of cervical cancers to NDP was predicted by the HDRA; the true positive rate was determined to be 100%, whilst the true negative rate was 55.6% and the accurate prediction rate was 77.8%. Furthermore, the disease-free survival rate for the high-sensitivity group was generally higher compared with that of the low-sensitivity group in patients who received postoperative adjuvant chemotherapy with NDP (9) . Thus, NDP is associated with a high response rate in cervical cancers that is comparable to the response rate achieved with cisplatin. In addition, NDP has fewer gastrointestinal side effects, is less nephrotoxic and requires less additional fluid during infusion (10, 11) . For this reason, NDP has been widely used in Japan for the treatment of cervical cancer and was the agent selected for the present HDRA chemosensitivity analysis.
With the current trend of individualizing chemotherapy treatment protocols, studies must consider the various factors that predict and affect chemosensitivity in a given tumor. Establishing more information with regard to these factors may Factors affecting platinum sensitivity in cervical cancer RINA KATO 1, 2 allow prediction of the chemosensitivity of cervical cancer in routine clinicopathological tests without using HDRA, and individualized chemotherapy may become clinically feasible in the treatment of cervical cancer.
The current study investigated the association between NDP sensitivity and the expression of biological factors affecting chemosensitivity, including the cell proliferation marker protein Ki-67, apoptosis-related factors [p53, B-cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax), cleaved caspase-3, and cyclooxygenase-2 (COX-2)] and the nucleotide excision repair-related protein excision repair cross-complementation group 1 (ERCC1), in cervical cancer specimens using immunohistochemistry.
Materials and methods
Subjects. The current study was performed as an extension of our previous study, and patient characteristics and the study design are described elsewhere (9) HDRA was performed on 18 pretreatment biopsies and 27 surgical specimens obtained from these patients to determine the chemosensitivity of cervical cancer to NDP. The HDRA procedure was described previously (12) . Briefly, collagen gel sponge (Gelform, Pfizer, USA) was cut into ~1 cm 3 cubes and placed into the wells of a 24-well plate. The concentration of NDP in the medium was set at 6.25, 12.5, 25, 50 and 100 µg/ml. Specimens were washed and cut into ~1 mm 3 pieces in medium (1 ml/well), and placed on the collagen gel sponge. Specimens were then cultured for 7 days. Following incubation, cell viability was assessed using an MTT assay to identify the concentration that produced 50% inhibition of tumor growth (IC 50 ). The optimal cut-off value of NDP was set at 48 µg/ml based on the IC 50 of NDP determined in our previous study (9) ; cases with an IC 50 below or above the cut-off concentrations were defined as having high or low sensitivity to NDP, respectively.
Immunohistochemistry. Immunohistochemical staining was performed using the avidin-biotin-peroxidase complex method for 18 pretreatment biopsies and 27 surgical specimens. Briefly, formalin-fixed, paraffin-embedded sections were deparaffinized, rehydrated, and treated with 3% H 2 O 2 in methanol to block endogenous peroxidase activity. Following antigen retrieval in a microwave oven with 10 mM citrate buffer (pH 6.0; Cosmo Bio Co., Ltd., Tokyo, Japan) at 90˚C, the sections were incubated overnight with primary antibodies at 4˚C, followed by incubation with biotinylated goat anti-mouse IgG (cat. no. BA-9200) or goat anti-rabbit IgG (cat. no. BA-1000) secondary antibodies (Vector Laboratories, Inc., Burlingame, CA, USA). Staining was visualized using avidin-biotin-peroxidase complex solution (Vectastain ABC kit, Vector Laboratories, Inc.) and 3,3'-diaminobenzidine-H 2 O 2 solution, and counterstaining with hematoxylin was conducted.
Primary antibodies against human Ki-67 (MIB-1; mouse monoclonal; cat. no. N1653; dilution, 1:100; Dako, Glostrup, Denmark), p53 (DO-7; mouse monoclonal; cat. no. N1581; dilution, 1:100; Dako), Bcl-2 (124; mouse monoclonal; cat. no. 713141; dilution, 1:1; Nichirei Biosciences, Inc., Tokyo, Japan), Bax (B-9; mouse monoclonal; cat. no. sc-7480; dilution, 1:100; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), cleaved caspase-3 (Asp175; mouse monoclonal; cat. no. 9661S; dilution, 1:400; Cell Signaling Technology, Danvers, MA, USA), COX-2 (rabbit monoclonal; cat. no. 18516; dilution, 1:50; Immuno-Biological Laboratories Co., Ltd., Fujioka, Japan) and ERCC1 (8F1; mouse monoclonal; cat. no. MA5-13912; dilution, 1:100; Thermo Fisher Scientific, Waltham, MA, USA) were used. The primary antibody was omitted for the negative control. For positive controls, sections known to overexpress each protein from the initial study were always run.
Immunostaining for Bcl-2, Bax and COX-2 was graded according to immunohistochemical score; scores from 0-18 were determined by the multiplication of scores for frequency (scored from 1-6) and intensity (scored from 0-3) of staining (12) . Staining frequency was scored based on the proportion of positively staining cells as follows: 1, 0-4%; 2, 5-19%; 3, 20-39%; 4, 40-59%; 5, 60-79%; or 6, 80-100%. Staining intensity was scored as 0 (negative), 1 (weak), 2 (moderate) or 3 (strong). Cases having a score >2 were defined as positive in the current study. Evaluation of immunostaining for ERCC1 was graded according to immunohistochemical score as described by Kim et al (13) ; scores ranged from 0-9 and were determined by multiplying the scores for staining frequency (0, 0%; 1, 0-9%; 2, 10-49%; 3, 50-100%) and intensity (scored from 0-3, as above). Based on immunoreactivity, samples with scores of ≥4 were defined as positive in this study. For Ki-67 and p53, the percentage of immunostained tumor cells from 10 fields that showed relatively higher expression levels throughout the tumor was employed as the labeling index (LI) to evaluate the expression level. For cleaved caspase-3, the number of positively stained cells per 1000 tumor cells exhibiting the highest level of expression on the section was designated as the apoptotic index (AI) and was used to evaluate apoptotic cells.
Evaluations were performed by two gynecological oncologists, neither of whom had knowledge of any clinical information related to the cases.
Statistical analysis.
All measured values were represented as the mean ± standard deviation and were analyzed by Student's t-test and Fisher's exact test. SPSS software version 12.0 (SPSS, Inc., Chicago, IL, USA) was used to conduct the analyses. P<0.05 was considered to indicate statistical significance.
Results

NDP chemosensitivity of 45 patients with cervical cancer.
Using IC 50 values below or above the cut-off concentration to define high or low sensitivities to NDP, respectively (9), 17 cases were classified into the high-sensitivity group and the remaining 28 cases were classified into the low-sensitivity group.
Association between chemosensitivity and the expression of various proteins. The typical protein expression of seven biological factors evaluated in this study is presented in Fig. 1 . The associations between chemosensitivity to NDP and expression of these seven factors are described in Tables I and II . The analysis revealed that the relative expression levels of p53 (LI), Bcl-2 (score), cleaved caspase-3 (AI) and COX-2 (score) in the high-sensitivity group versus the low-sensitivity group were as follows: p53, 14.1±10.5 vs. 28.2±18.6; Bcl-2, 1.1±1.5 vs. 3.9±3.3; cleaved caspase-3, Table I . Expression levels of various proteins in high and low nedaplatin sensitivity groups. Data are presented as mean ± standard deviation. Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein; COX-2, cyclooxygenase-2; ERCC1, excision repair cross-complementation group 1; LI, labeling index; AI, apoptotic index (per 1000). Table II . Association between expression of various proteins and nedaplatin sensitivity.
Patients, n High (n=17) Low (n=28) P-value Table I ). The expression levels of these four factors differed significantly between the high-and low-sensitivity groups (P=0.002, 0.002, 0.021, and 0.041, respectively). However, no significant differences in the expression levels of Ki-67 (LI), Bax (score) or ERCC1 (score) were observed between the high-and low-sensitivity groups (Table I) . Furthermore, using cut-off values able to significantly distinguish between high and low expression groups, a p53 LI of <30 (n=29) was significantly associated with high NDP sensitivity (P=0.009; Table II), as was a cleaved caspase-3 AI ≥40 (n=4; P=0.016). Patients with negative immunostaining of Bcl-2 (n=20) and COX-2 (n=6) were also significantly more sensitive to NDP (P=0.0008 and 0.023, respectively). For ERCC1, patients with negative immunostaining (n=19) tended to be more sensitive to NDP (P= 0.079); however, this difference was not significant (Table II) . (14, 15) in 1991, and improved by Ohie et al (16) in 2000, resembles an in vivo assay as it supports three-dimensional proliferation on a collagen gel matrix. The advantages of HDRA are that it has a high evaluation rate, permits the prompt acquisition of results, correlates with clinical responses, allows for the testing of multiple anticancer drugs and is relatively inexpensive.
Discussion
HDRA, developed by Hoffman et al
A number of clinical studies using HDRA have demonstrated that it has a high evaluation rate or accuracy in a number of tumor types, including non-small cell lung cancer (17) , esophageal cancer (18), stomach and colorectal cancer (19) , breast cancer (20, 21) , urothelial cancer (22) , head and neck cancer (23) and soft tissue sarcoma (24) . In gynecological cancers, the accurate prediction rates of sensitivity to platinum were 83% and 87.5% in ovarian and endometrial cancers, respectively (25, 26) . Additionally, a correlation between chemosensitivity to platinum and prognosis in endometrial cancer has been observed (26) . Furthermore, in our previous study, the evaluation rate of HDRA was 94.0%, with a true positive rate of 100%, true negative rate of 55.6% and accurate prediction rate of 77.8% in cervical cancer (squamous cell carcinoma). Additionally, disease-free survival in the high-sensitivity group tended to be higher compared with that of the low-sensitivity group in patients who received postoperative adjuvant chemotherapy with NDP (9).
In the current study, we investigated whether the expression levels of Ki-67, p53, Bcl-2, Bax, cleaved caspase-3, COX-2, and ERCC1 were associated with chemosensitivity to NDP, as evaluated by HDRA, in cervical cancer. Identification of factors associated with NDP sensitivity may potentially facilitate the prediction of platinum sensitivity by immunohistochemistry in pretreatment biopsies or surgical specimens, which would be easier than using HDRA.
In general, tumors that have high proliferative activity are more sensitive to chemotherapeutic drugs or radiation compared with tumors that have low proliferative activity. This association between tumor proliferative activity and response to chemotherapy has been reported in breast cancer (27, 28) . Additionally, in cervical cancer, Sultana et al (29) reported that high expression of Ki-67 in preoperative biopsies was associated with the clinical response to platinum-containing neoadjuvant chemotherapy and improved prognosis. On the other hand, Costa et al (30) reported that there was no correlation between Ki-67 expression and clinical response to neoadjuvant chemotherapy or prognosis. In the current study, no association was identified between expression of Ki-67 and sensitivity to NDP, as evaluated by HDRA, consistent with the findings of Costa et al. However, the number of patients recruited in these studies, including the present study, was relatively small; therefore, further studies must be conducted with larger numbers of patients to confirm this association.
Platinum-induced apoptosis in tumor cells is generally dependent on the p53 pathway. However, when tumors possess P53 mutations, platinum does not induce apoptosis as effectively, and the clinical effects of platinum are restricted accordingly. Studies have demonstrated that patients with advanced ovarian The rate of P53 mutation in cervical cancer has been reported to be <10%, which is lower than that in certain other types of cancers (33) . However, the relationship between P53 mutations and human papillomavirus (HPV) has not been clearly defined (34) . In the current study, high-risk type HPV infections were also evaluated in 22 of 45 specimens; these specimens were frozen and adequately stored, allowing them to be used for polymerase chain reaction (PCR)-restriction fragment length polymorphism analysis. From this analysis, high-risk type HPV infections were identified in 19 of 22 specimens (86.4%; data not shown). Furthermore, in the same 22 specimens, only 2 (9.1%) were found to possess P53 mutations (exons 5 and 6) by PCR-single strand conformation polymorphism (data not shown). This indicates that P53 mutations are relatively infrequent in cervical cancer compared with other types of cancer. Additionally, the rate of p53 protein overexpression has been reported to be 20-85% (33) . p53 protein overexpression is not fully explained by P53 mutations, and several mechanisms have been proposed for this discrepancy (35) (36) (37) ; however, the precise reasons for p53 overexpression, including HPV integration, have not been proven. In addition, the association between p53 overexpression and radiation sensitivity or sensitivity to platinum-containing chemotherapy have not been clearly defined in cervical cancer. Sultana et al (29) reported that there was no correlation between p53 expression in tumors and the clinical effects of platinum-containing chemotherapy. In the current study, a significant difference in p53 expression (LI) was observed between the high-and low-NDP sensitivity groups. Furthermore, patients with p53 LIs of <30% were significantly more sensitive to NDP; therefore, these data suggest that the p53 LI may be utilized as a parameter for the easy prediction of platinum sensitivity using pretreatment biopsies or surgical specimens without requiring HDRA.
Bcl-2 is an oncogene that inhibits radiation-or chemotherapy-induced apoptosis (38) . Cervical cancers with Bcl-2 expression have been reported to exhibit radiation resistance and poor prognoses (39) (40) (41) . However, contradictory results have also been found in terms of Bcl-2 expression and patient prognosis (42) (43) (44) (45) (46) (47) (48) (49) . Furthermore, in one study, no significant association was observed between Bcl-2 expression and the clinical effects of neoadjuvant chemotherapy (29) . Thus, the association between Bcl-2 expression and chemosensitivity/radiosensitivity or prognosis has not been precisely defined. In the current study, a significant difference in Bcl-2 expression was observed between the high-and low-sensitivity groups. Additionally, tumors that were positive for Bcl-2 expression exhibited low sensitivity to platinum. However, because few studies have examined the relationship between Bcl-2 expression and chemosensitivity, further studies are necessary to clarify this relationship with larger numbers of patients.
Bax is a member of the Bcl-2 family and plays a role in the p53-Bax pathway, which enhances apoptosis. In cervical cancer patients treated by radiotherapy alone, patients with Bax-positive tumors have been demonstrated to have a higher sensitivity to radiotherapy compared with those with Bax-negative tumors (50) . Additionally, Bax expression in tumors may be used to predict radiosensitivity in these tumors (50) . On the other hand, few studies have reported the association between Bax expression and the effects of chemotherapy. In one such study, Sultana et al (29) observed an association between Bax expression in preoperative biopsies of cervical cancer and the response rate to neoadjuvant chemotherapy.
In the current study, no association was found between Bax expression and NDP sensitivity in cervical cancer specimens. However, in cervical cancer, p53 function may be inactivated by HPV integration; therefore, various aspects of the p53-Bax pathway may be maintained in cervical tumors, and these mechanisms require additional investigation.
Caspase-3, a member of the caspase family, is expressed in its active form in apoptotic cells and acts at the final step of apoptosis. Therefore, immunohistochemistry using anti-cleaved caspase-3 antibodies may be a relatively convenient method to detect apoptotic cells (51) . In cervical cancer, a number of studies have reported that a high AI in pretreatment specimens (so-called spontaneous AI) is correlated with reduced efficacy of radiotherapy (52) (53) (54) . In general, high AI in tumors is associated with intratumoral hypoxia, which in turn may decrease radiosensitivity. However, there has been no consensus on the association between intratumoral spontaneous AI and radiosensitivity due to differences in tumor histology, intratumoral distribution of hypoxia and cellular proliferative activity. On the other hand, Sultana et al (29) reported that spontaneous AI in pretreatment specimens was not correlated with the clinical effect of neoadjuvant chemotherapy. In the current study, higher expression of cleaved caspase-3 (AI) was significantly correlated with chemosensitivity to NDP. Therefore, the expression of cleaved caspase-3 may also permit detection of NDP chemosensitivity in cancer. Future studies should investigate the association between spontaneous AI and chemosensitivity or radiosensitivity.
The role of COX-2 in the development and progression of various types of cancer has been previously described. COX-2 overexpression is associated with the proliferation of tumor cells, inhibition of apoptosis, production of growth factors, increased activity in neoangiogenesis and invasion, and impairment of host immune responses (55) (56) (57) (58) (59) . In particular, numerous studies have revealed that tumors exhibiting high expression levels of COX-2 protein have reduced responses to chemotherapy and poor prognoses; this is thought to occur because COX-2 inhibits apoptosis by inducing Bcl-2 expression or reducing intratumoral ceramide concentrations, which play important roles in apoptosis (60) . In cervical cancer, Ferrandina et al (61) reported that COX-2-positive cases were resistant to cisplatin and had unfavorable prognoses compared to that in COX-2-negative cases. In the current study, patients with negative COX-2 immunostaining were significantly more sensitive to NDP. These data suggested that COX-2 expression affected sensitivity to platinum in cervical cancer. Addit ionally, as COX-2 induces Bcl-2 expression (60), the association between COX-2 and Bcl-2 expression was also investigated. However, a significant correlation between these factors was not observed (data not shown).
ERCC1 is involved in nucleotide excision repair and has been demonstrated to form a heterodimer with xeroderma pigmentosum-F (XPF). ERCC1/XPF complexes are responsible for an incision that cleaves the damaged nucleotide strand at the 5' end of the lesion (62) . Therefore, ERCC1 has a key role in mediating the response to a range of DNA-damaging chemotherapeutic agents. Evidence has suggested that increased expression of ERCC1 protein and mRNA are associated with resistance to platinum, and may be prognostic indicators of poor patient survival following treatment with platinum-based chemotherapy or chemoradiotherapy in various types of malignant neoplasms (63) (64) (65) (66) (67) (68) (69) (70) (71) .
Park et al (71) reported that evaluating expression levels of ERCC1 protein in pretreatment specimens of FIGO stage IIB uterine cervical cancer may allow the prediction of response to cisplatin-based neoadjuvant chemotherapy; low ERCC1 expression was also reported to be a significant favorable prognostic indicator of disease-free survival. Our previous retrospective study indicated that immunostaining for ERCC1 expression may be useful for predicting survival in patients with uterine cervical adenocarcinoma being treated with platinum-based chemotherapy or chemoradiotherapy with cisplatin (72) . Unexpectedly, in the current study, no significant association was identified between ERCC1 expression and NDP sensitivity in cervical cancer (squamous cell carcinoma). However, ERCC1-positive cases tended to exhibit low sensitivity to NDP. Thus, the association between ERCC1 expression and chemosensitivity to platinum will likely be clarified when further investigations with large numbers of patients are conducted.
In conclusion, the results of the present study indicated that p53, Bcl-2, cleaved caspase-3, and COX-2 were biological factors affecting NDP sensitivity in cervical cancer. Low or negative expression of p53, Bcl-2, and COX-2, and high or positive expression of cleaved caspase-3 were significantly associated with high sensitivity to NDP. Furthermore, negative ERCC1 expression may also be correlated with high sensitivity to NDP. Therefore, sensitivity to platinum can be easily predicted by immunostaining for these factors using pretreatment biopsies or surgical specimens. The expression profiles of these proteins may provide additional information for planning individualized chemotherapy in patients with uterine cervical cancer. In addition, a number of other biological factors affecting platinum sensitivity have been reported (73) (74) (75) , and further evaluations should be conducted in the future. As more factors are tested and incorporated into screening panels, individualized chemotherapy, designed to maximize treatment response, may become clinically feasible in cervical cancer.
